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Recently, we described a new method of per-
forming the cutaneous glucose tolerance test
(1). This method differed from earlier stud-
ies (2, 3, 4, 5) in that: (1) the glucose is given
intravenously rather than orally, (2) the test
is completed within a short period of time (1
hour as compared to the older 4 hours), (3) a
much smaller specimen of skin is used (4 to 9
mgs as compared to 30 to 50 mgs), (4) the
glucose is measured by a specific enzymatic
technic, and (5) with this technic the rate of
disappearance of glucose from the skin is ex-
pressed by a simple mathematical expression:
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where S is the glucose excess (above fasting
level) in mgs/100 gms of whole skin at any
time (t) between the time interval of 35 to 65
minutes; S, is the glucose excess in mgs/100
gms of whole skin extrapolated to time zero;
and k is the rate of disappearance of glucose
from the skin expressed as per cent per minute
of the excess glucose. This paper discusses the
details of the methodology and the pitfalls in
the tecimic so that other investigators can
duplicate this work.
METHODS AND TECKNICS
A. The Cutaneous Glucose Tolerance Test
For one week prior to the test, the subject re-
ceived a regular diet with an added amount of
carbohydrate. The subject had fasted over night.
The skin of his back was washed gently with 70%
isopropanol before the beginning of the test at 8:00
a.m.
Three 20 M1 fasting blood specimens were ob-
tained from the finger tip. Each blood sample was
expelled into 0.6 cc of distilled water. The three
fasting cutaneous specimens were obtained without
knesthesia (Motor-Tool Model No. 1 with Collet
No. 417, Dremel Mfg. Co.) mounted with a 3 mm
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rotary cutaneous biopsy punch (Mill-Bilt Equip-
ment Co.). Specimens approximately 4 mm thick
were obtained from the back. If the skin specimen
was visibly contaminated with blood, it was dis-
carded and another specimen was taken. The speci-
men was placed on a tared piece of polyethylene
film weighing less than one mg. The tissue plus
the polyethylene square was rapidly weighed to
the nearest 0.01 mg (VDF Micro Torque Balance
No. A-40-30-04, 10 mg extended range, Brinkmann
Instruments). The plastic, with the tissue adhering
to it, was placed in 300 M1 of 1% zinc sulfate
solution in such a manner that the tissue was im-
mersed in the fluid. These operations were per-
formed as quickly as possible in order to mini-
mize error in tissue wet weight due to evaporation
of tissue fluid.
After removal of the fasting specimens, 35 gms
of dextrose in 100 ml of sterile distilled water was
given intravenously in the cubital vein through a
plastic tube extension set (No. R33A Anesthesia
Extension Set, Baxter Lab. Inc.). The injection was
completed within four minutes and the time of the
completion was noted. A stopwatch was started
when the injection was begun. The time midway
between the start and completion of the injection
was used as zero time for calculation of the inter-
vals for the specimens removed during the course
of the test. After completion of the injection the
patient was placed on his stomach and remained
there without activity until the completion of the
test.
A total of seven blood samples was collected at
5 minute intervals starting at 15 and ending at 45
minutes after the start of the injection. The time
from the start of the bleeding from the finger prick
to the completion of the taking of the sample was
recorded. The midpoint of the time interval so ob-
tained, minus the calculated zero time of injection,
gave the time alter injection for the blood sample
in question.
Specimens of skin were taken at 5 minute inter-
vals starting at 35 minutes and ending at 65 min-
utes after the start of the dextrose injection. The
time of the first cut into the skin and that of the
separation of the specimen from the patient was
noted. If over 30 seconds was required to obtain
a specimen, it was discarded and a new specimen
taken. The time value for the specimen was cal-
culated as the mid point of the time required for
removal minus the calculated zero time.
If the subject showed signs of shock at any time
during the test, the test was discontinued. The tem-
perature of the room was comfortable, approxi-
mately 24°C and was free of any drafts.
After completion of the test, the tubes with the
blood and skin specimens were allowed to stand
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for one and a half hours (6). Then 300 tl of 0.06N
barium hydroxide was added to each of the tubes
containing the skin specimens. To each blood speci-
men tube, 0.3 cc of 0.06N barium hydroxide and
0.3 cc of 1% zinc sulfate solution was added.* The
resulting mixtures were thoroughly mixed and cen-
trifuged 10 minutes at 1500 rpm. Four 100 tl
aliquots of the supernate were then removed from
each sample. If time did not permit the deter-
mination of glucose, the aliquots were frozen and
stored at —20°C.
B. Enzymatic Determination of Glucose
Glucose was determined in the same manner in
the blood and skin aliquots. Glucose standards (40,
80, 120, and 160 tg/ml) were prepared with dis-
tilled water. Duplicate two-hundred tl aliquots of
distilled water (blank) and each of the glucose
standards were placed in centrifuge tubes. Four
hundred tl of 0.06N barium hydroxide and 400
tl of 1% zinc sulfate solution were added and the
contents of the tubes were then mixed and cen-
trifuged ten minutes at 1500 rpm. Duplicate 100 tl
aliquots were delivered to 10 x 75 mm test tubes.
Just before use, the enzyme mixture was prepared
by dissolving the contents of one Glucostat Micro-
pak vial and one chromogen vial (Worthington
Biochemical Corp.) in 10 ml of distilled water.
One hundred tl of enzyme mixture was delivered
(Syringe Microburet Model SB 2, Micro-Metric
Instruments Co.) to each of the duplicate aliquots
of blanks, glucose standards, and the test solutions.
The resulting solutions were mixed and incubated
for one hour at 37°C. Each determination was per-
formed on duplicate aliquots of a complete set of
test solutions (i.e., three fasting and seven test
samples of blood or skin). At the end of the in-
cubation period 40 tl of 2N hydrochloric acid was
added to each tube and the contents were mixed.
Optical densities were read at 400 mt in a Beckman
DTJ spectrophotometer in micro cells (1 cm path
length, 0.063 ml capacity, Pyrocell Mfg. Co.)
against distilled water in the reference cell. Since
the path width of these micro cells is only 2 mm,
the original cell positioner of the Beckman DTJ
was replaced by a precision unit designed by Dr.
David Glick (8). Glucose contents of the test solu-
tions were calculated and converted to mg% (mgi
100 ml for blood; mg/100 gm wet weight for skin).
Since four aliquots were removed from each test
solution, four separate enzymatic glucose deter-
minations (two each- for blood and skin) were per-
formed for each cutaneous glucose tolerance test.
The average value for the fasting specimens was
subtracted from the total glucose values obtained
during the glucose tolerance test. The results ex-
pressed as excess mg% glucose were plotted against
time in minutes on semilogarithmic graph paper
with excess mg % on the vertical (logarithmic)
axis. The slope of the line was then calculated by
the method of least squares (9).
DISCUSSION
In our preliminary communication we re-
ported the use of the intravenous technic
for the cutaneous glucose tolerance test and a
mathematical expression used to analyze the re-
sults of the test in thirty subjects. We have
since tested 90 additional individuals, and in
each the mathematical expression S = Soet
was applicable to the test data.
In the performance of this test the state of
the test subject is very important to the suc-
cessful execution of the test. The individual re-
ceives an adequate diet containing 300 gms of
carbohydrate per day for one week. Muscular
activity and smoking are prohibited during the
test and the test is performed in a controlled
environment. The simple process of wiping the
back with alcohol may produce hype remia; in
order to avoid, the wiping is done very gently
and only at the beginning of the test and after
the intravenous injection. The trauma of taking
the skin specimens produces local edema and
erythema which lasts a few minutes; therefore,
biopsy sites should not be closer than 10 cm
apart.
The use of the back has several distinct ad-
vantages. Visual stimulation is kept minimal
because the patient cannot see the removal of
the specimens. The skin of the back has the
greatest amount of dermis with the least number
of epidermal appendages. Another advantage
of the back is its relative paucity of pain fibers.
Although the blood glucose attains a max-
iminn concentration within fifteen minutes after
intravenous injection of dextrose, the peak con-
centration in the skin is not reached until 30
minutes after the start of injection. In individ-
uals who have a low rate of glucose disappear-
ance from the skin, the peak concentration may
not be reached until 35 or 45 minutes after the
dextrose injection.
In this technic, difficulties can arise from im-
proper handling of tissue specimens. It is essen-
tial that the tissue specimens be handled gently
to prevent loss of tissue fluid. All steps from
the start of the removal of the specimen from
the subject to its immersion in zinc sulfate
solution are performed as quickly as possible.
Use of the torsion balance described previously
dictates that the tissue specimens weigh be-
tween 4 to 9 mgs.
Upon inspection of the plot of excess glucose
versus time, it was occasionally noted that one
* The Zn804 and Ba(OH)2 must be carefully
matched by titration. For further details, see refer-
ence 7.
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or two of the plotted points did not lie near
the straight line representing the majority of the
test values. In view of the heterogeneity of skin,
the multiple operations required in conducting
the cutaneous glucose tolerance test, and the
necessity for using micro volumes of reagents,
it was not surprising that such aberrant results
were obtained occasionally. In recognition of the
likelihood that error can arise in a given test
value, it was arbitrarily decided that a minimum
of seven post-injection skin samples per test
should be obtained. An additional reason for
obtaining a relatively large number of test
specimens was that, although the majority of
subjects attained a maximum skin glucose con-
centration within 30 minutes after dextrose in-
jection, some did not attain a maximum until
the 35 or 45 minute sample.
Three fasting skin specimens were obtained
for each test in order to have a more accurate
determination of fasting glucose levels. Since
this value was employed in the calculation of
excess mg% glucose in each post-injection
specimen, any error in the determination of
fasting glucose directly affects the value for the
disappearance rate constant. This error would
be in addition to the error resulting from vari-
ability in the determination of glucose in the
test specimens themselves.
SUMMARY
The methodology and procedural problems in
technic for performing the cutaneous glucose
tolerance test are reported. Careful attention
to detail is mandatory for the successful per-
formance of the test. The mathematical expres-
sion = Soet was found to be applicable to
the test results from 120 individuals. It is con-
cluded that this first order kinetic equation is
therefore valid for all individuals as an expres-
sion of the rate of disappearance of excess glu-
cose from whole skin after rapid intravenous
dextrose loading.
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